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This listing of claims will replace all prior versions, and listings, of claims in the 
application: 
Listing of Claims ! 
Claims U9 (Canceled) 

Claim 10 (Previously presented): The apparatus ofclatm 31, wherein the reflector layer has 
a thickness in the range of about 3 to about 30 nanometers, 

aaim 1 1 (Canceled) 

Claim 12 (Previously presented): The apparatus of claim 28, wherem the light source is a 
laser configured for emitting the transmitted light as collimated light. 

Claim 13 (Previously presented): The apparatus of claim 12, wherein the transmitted light 
has a wavelength of about 850 nanometers and an intensity selected from the range of about 
1 to about 3 micro Watts. 

Claim 14 (Withdrawn): An apparatus for use in measuring diffusible hydrogen 
concentrations in a selectable portion of a structure, comprising: 

a housing having a first opening adapted for being operatively and selectively 
connected to a selected portion of the structure, whereby hydrogen evolving from the 
selected portion is captured within the housing; and 

a hydrogen sensor mounted in the housing so as to be exposed to the captured 
evolvi.ng hydrogen from the selected portion, wherein the hydrogen sensor comprises 
material that changes optical properties based on concentration of the captured 
evoMng hydrogen. 

Claim 15 (Withdrawn): The apparatus of claim 14, wherein the housing defines a sample 
area on the selected portion of the structure and defines a sample volume adjacent the 
hydrogen sensor wherein the captured evolving hydrogen is sealably contained, and wherein 
the diffusible hydrogen concentrations of the selected portion of the structure are measurable 
based on the sample area, the sample volume, and the changes in the optical properties of the 
hydrogen sensor. 
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Claim 16 (Withdrawn): The apparatus of claim 15, further including an optical fiber for 
directing light to and away from the hydrogen sensor, the optical fiber being mounted within 
the housing with a first end adjacent the hydrogen sensor and a second end proximal to a 
second opem'ng of the housing. 



in 



Claim 17 (Withdrawn): The apparatus of claim 16, further including a reflector mounted 
the housing adjacent the first opening and interposed between the hydrogen sensor and the 
sample volume, wherein the reflector comprises a material that adsorbs and releases 
molecular hydrogen and that reflects light. 

Claim 18 (Withdrawn): The apparatus of claim 17, further including a hydrogen monitoring ' 
assembly operably connected to the second end of the optical fiber and adapted for 
transmitting light to the second end of the optical fiber, for receiving a portion of the 
transmitted light that passes through the hydrogen sensor and is reflected by the reflector, 
and for determining a diflfusible hydrogen concentration of the selected portion of the 
structure based on the received portion of the transmitted light. 

Qaim 19 (Currently amended): A method for measuring a diffusible hydrogen concentration 
in an object, comprising: 

selecting a portion of the object from which to obtain a dif3fusible hydrogen 
concentration measurement; 

sealably tnounting a hydrogen sensor assembly on the selected portion of the 
object, flie sensor assembly including a housing that defines a sample area on the 
selected portion from which hydrogen is allowed to evolve and a predetermined 
sample volume in which the evolving hydrogen is captured, wherein the sensor 
assembly further includes a hydrogen sensor comprising a hydrogen-reactive, 
chemochromatic material mounted within the housing adjacent the sample volume; 

allowing the hydrogen sensor to react with the captured evol ving hydrogen for a 
sample time; 

measuring change in a physical property of the hydrogen sensor over said 
sample time; 
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correlating said change via a predetermined relationship between the physical 
property measured and concentration of hydrogen to obtain a rate of change of 
hydrogen in the sample volume during the sample period, which corresponds to 
hydrogen diffusivity rate from the object; and 

determining the diffusible hydrogen concentration in the selected portion of the 
object based on the moasurod amount rate of change in the physical property of the 
hydrogen sensor by coirelating the rate of change «^l5^.dpeg^in the oamplovolumo 
B hysical property via a predetermined relationship between rate of change ef 
hydrogon i n the sample volumo physical pronenv tn diffusible hydrogen 
concentration in the object 

aaim 20 (Previously presented): The method of claim 19, wherein the sample time is in a 
range of 10 to 30 minutes. 

Claim 2 1 (Currently amended): Tlie method of claim 1 9, wherem the selected portion is a 
welded joint, and further including prior to the mounting, waiting a cooling time period after 
the welded foint is welded. and determining an initial diffusible hydrogen concentration in 
the splp n to i portion b>' multiptjTng tho hydrogen diffumvit>r rat e timoo by tho time ainco the 
initial wold procoao was coniploto d welded ioint bv correlating the hydrogen diffiisivity rat^ 
at the cooling time with a predetermi n ed example slope from among a plurality of p re- 
determined example slopes of hydrog en diffusion curves for a plurality of example initial 
difiiisible hydrogen concentrations at said cooling time period . 

Claim 22 (Original): The method of claim 19, wherein the physical property is optical 
ti-ansmissivity of the hydrogen sensor and the sensor assembly further includes a reflector 
positioned within the housing so as to be interposed between the sample volume and the 
hydrogen sensor, the reflector being configured for reflecting light passing through the 
hydrogen sensor back through the hydrogen sensor. 

Qaim 23 (Original): The method of claim 22, further including operatively connecting a 
reflectance monitoring device including a light source and a light signal detector to the 
sensor assembly, and wherein the measuring includes operating the reflectance monitoring 
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device to transmit a light signal from the light source to the hydrogen sensor and to receive a 
reflected portion of the light signal witli the light signal detector- 
Claim 24 (Original): Tlie method of claim 23, farther including connecting a signal analy2er 
to the hght signal detector for receiving a signal from the light signal detector based on the 
received reflected portion, and wherein the calculating of the diffusibl e hydrogen 
concentration is completed in part by operating the signal analyzer to con^tare the signal 
from the light signal detector and the transmitted light signal from the light source. 

Claim 25 (Original): The method of claim 19, further including calibrating the hydrogen 
sensor assembly to create calibrating information, and wherein the calculating of the 
diffusible hydrogen concentration is based on the calibrating information. 

Claim 26 (Original): The method of claim 26, the calibrating being completed prior to the 
mounting of the hydrogen sensor assembly based on measurements of the sample area and 
the sample volume and based on collected calibration testing information. 

Claim 27 (Original): The method of claim 26, the calibrating being completed after the 
mounting of the hydrogen sensor on the object and including injecting a selected amount of 
hydrogen into the sample volume, allowing the selected amount of hydrogen to react with the 
hydrogen sensor for a predetermined calibration time, and measuring the amount of change 
in the physical property of the hydrogen sensor. 

Claim 28 (Currently amended): DijFJiisible hydrogen sensor apparatus for detecting hydrogen 
diffusing from a solid meta) object, comprising: 

a sensor housing with a sealing member attached thereto disposed to surround 
a leak proof predetermined sample area of an object to be measured; 

the sensor housing having a predetermined sample volume within the housing 
adjacent to the sarr^le area to dejSne a leak proof sample chamber enclosing the 
object to be measured; 

a hydrogen sensor mounted in the sensor housing with a sealed connection to 
the leak proof satitple chamber; 
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the hydrogen sensor further comprising & layer of hydrogen-reactive 
chemochromic material in conimunicatioa with the leak proof sample chamber; 

a light source optically connected to the sensor housing to transmit light to the 
hydrogen sensor wherein the properties of light reflected from the layer of hydrogen- 
reactive chemochromic material varies as a function of hydrogen concentration in the 
leak proof sample chamber; and 

a detector and signal analyzer connected to the sensor housing for receiving 
the reflected light from the layer of hydrogen-reactive chemochromic material 
wherein the reflected light is detected and analyzed by the signal analyzer to coirelate 
the variations in the light input to ft^aaatift Kiuantities of hvHrng^ in the 
predetermined sample volume and to then correlate an increase m <urh p calculated 

liydrogen in the sanmle volume to a Hiffusivitv rale of the 
hydroRcn diffastnf^ from the solid metal obiect. and for further cnrrelation of the 
^ fiusivityrate t o a diffusible hydrogen concentration in the kmk proof prcdotormiucJ 
g^pl e aroa of the objoot to bo mooDurod whoroin thophyaiool prop rati 03 of Q-w 
chmnbor arc unod to calculato the epjanti^/ of hydrogon prosoa t solid metal ohiect hv 
CQirelation of the diffustvitv rate to a oluralitv of examp l e slopes of hvdrop ftn 
diffusion curves for a laluralitv of e xample diffusion hydrogen ^concentrations that are 
predetermine d for example solid metal objects . 

Oaim 29 (Previously presented); The apparatus of claim 28 wherein the chemochromic 
material being selected from a group consisting of transition metal oxide, tungsten trioxide, 
molybdenum trioxide, yttrium dihydride, rare earth dihydride, or lanthanum dihydride, 

Claim 30 (Previously presented): The apparahis of claim 29, wherein a reflective layer of 
catalytic material is added to the chemochromic material that adsorbs molecular hydrogen, 
converts the molecular hydrogen to atomic hydrogen, and release the atomic hydrogen into 
the hydrogen reactive chemochromic layer. 

Claim 3 1 (Previously presented): The apparams of claim 30 wherein the reflective layer of 
catalytic material is selected from a group consisting of palladium or platinum. 
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Claim 32 (Previously presented): The apparatus of claim 13, wherein the light source 
produces light anywhere in a bandwidth range from white light to single wavelength infrared. 

Claim 33 (Previously presented): A method for measuring a diffusible hydrogen 
concentration in an object comprised of a type of material, comprising: 

selecting a portion of the object from which to obtain a diffusible hydrogen 
concentration measurement; 

sealably mounting a hydrogen sensor assembly on the selected portion of the 
object, the sensor assembly including a leak proof sample chamber that defines a 
sample area on the selected portion from which hydrogen is allowed to evolve into a 
predetermined sample volume in which the evolving hydrogen is captured, wherein 
the sensor assembly further includes a hydrogen sensor comprising a hydrogen- 
reactive, chemochromatic material mounted within the housing adjacent the sample in 
communication with the leak proof sample chamber; 

transmitting a light input to the hydrogen sensor wherein the properties of light 
after being transmitted through the layer of hydrogen-reactive chemochromic material 
varies as a function of hydrogen concentration in the leak proof sample chamber; 

detecting the light after it is transmitted through the layer of hydrogen-reactive 
chemochromic material for a sampling time period; 

analyzing the detected light to correlate change in the detected light during the 
sampling time period to a rate of change in volume of hydrogen in the predetermined 
sample volume based on a predetermined calibration that correlates changes in the 
light detected to rates of change in volume of hydrogen for the predetermined sample 
volume; and 

correlating the rate of change in the volume of hydrogen to a diffusible 
hydrogen concentration in the sample area of the object based on a predetermined 
relationship between rates of change in the volume of hydrogen to diffusible 
hydrogen concentration in said type of material. 
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Claim 34 (Previously presented) The method of claim 33 whereby the chemochromic 
material being selected from a group consisting of transition metal oxide, tungsten trioxide, 
molybdenum trioxide, yttrium dihydride. rare earth dihydride, or lanthanum dihydride. 

Claim 35 (Previously presented) The method of claim 34 whereby reflective layer of 
catalytic materia] is added to the chemochromic material that adsorbs molecular hydrogen, 
converts the molecular hydrogen to atomic hydrogen, and release the atomic hydrogen into 
the hydrogen reactive chemochromic layer. 

Claim 36 (Previously presented): The method of claim 35 whereby the reflective layer of 
catalytic material is selected from a group consisting of palladium or platinum. 

Claim 37 (Previously presented): The method of claim 33 whereby the light input produces 
light anywhere in a bandwidth range from white light to single wavelength infrared. 

Claim 38 (Previously presented): The method of claim 1 9, wherein the predetermined 
relationship between the changes in detected light and rates of chan ge m volume of hydrogen 
is predetenmined empirically by measuring the light after it is transmitted through the layer of 
hydrogen-reactive chemochromic material for each of a plurality of samples with known 
hydrogen concentrations to establish a curve that quantifies the measured light versus 
hydrogen concentration, calculating the volumes of hydrogen in the predetermined sample 
volume for a plurality of hydrogen concentrations, correlating the measurements of light for 
the plurality of samples with known hydrogen concentrations to the volumes of hydrogen in 
the predetermined sarnple volume for the plurality of hydrogen concentrations to create a 
direct relationship between the nneasurements of light and volumes of hydrogen and between 
rates of change of the light to rates of change of hydrogen volume. 

Claim 39 (Previously presented): The method of claim 1 9, wherein the predetermined 
relationship between rate of change of hydrogen volume to diffusible hydrogen concentration 
in said type of material is predetermined empirically by determining rate of change of 
hydrogen volume for each of a plurality of samples of said type of material having known 
diffusible hydrogen concentrations to establish a curve that quantifies rates of change of 
hydrogen volume versus difftisible hydrogen concentrations in objects. 
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Claim 40 (New) A method of subsequent determination of an initial volume of hydrogen 
per unit mass of metal that was present in a particular welded metal joint specimen when the 
particular welded metal joint specimen was welded, comprising: 

creating a set of example curves with slopes that are representative of 
respective diffusivity rates of hydrogen evolving jfrom example welded metal joints as 
a function of time after welding for a plurality of respective example values of initial 
volumes of hydrogen per unit mass of metal in the example welded metal joints; 

determining an acmal diffusivity rate of hydrogen evolving from the particular 
welded metal joint in a particular time period after welding; and 

determining the initial volume of hydrogen per unit mass of metal that was 
present in the particular welded metal joint specimen when the particular welded 
metal joint specimen was welded by correlating the actual diffusivity rate in the 
particular time period after welding with the slopes of the example curves for the 
same time period. 

Claim 41 (New) The method of claim 40, including determining the actual diflfusivity 
rate of hydrogen evolving from the particular welded metal joint specimen by positioning 
and sealing a sample chamber with a sample opening on the particular welded metal joint 
specimen so that hydrogen evolving from the particular welded metal joint specimen is 
captured in the chamber, and measuring in the time period a change of a parameter that is 
correlated to diffusivity rate of the hydrogen that evolves ftt>m the particular welded metal 
joint into the sample chamber. 

Claim 42 (New) The method of claim 4 1 ^ wherein the parameter is intensity of light that 
varies as a function of hydrogen concentration in the sample chamber 

Claim 43 (New) The method of claim 42, wherein the change of intensity of light is 
correlated to the diffusivity rate of the hydrogen that evolves from the particular welded 
metal joint specimen into the sample chamber by calibrating the intensity of light parameter 
to specific concentrations of hydrogen, multiplying the concentrations of hydrogen by the 
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volume of the sample chamber to correlate the light intensity pai^eter to volume of 
hydrogen in the sample chamber, and dividing changes in the volume of hydrogen in the 
sample chamber by the time in which such changes in the volume of hydrogen in the sample 
chamber occur to correlate the measured changes of intensity of light parameter to actual 
difRisivity rates of hydrogen evolving from the particular welded metal joint specimen into 
the sample chamber. 



Claim 44 (New) The method of claim 43. including positioning a chemochromic 
material in the sample chamber, said chemochromic material having a characteristic light 
transmissivity that varies in response to exposure to hydrogen, directing a light beam to pass 
through the chemochromic material at least once, and measuring the parameter as loss of 
intensity of the beam of light upon passing through the chemochromic material. 

Claim 45 (New) The method of claim 41, wherein the parameter is a property of an 
electric circuit that varies as a function of hydrogen concentration in the sample chamber. 

Claim 46 (New) The method of claim 45, wherein the parameter is electric current that 
varies as a function of hydrogen concentration in the sample chamber. 

Claim 47 (New) The method of claim 46, including positioning a material in the sample 
chamber that varies in electrical resistivity in response to exposure to hydrogen, applying a 
voltage across the material, and measuring the electric current that flows through the 
material. 

Claim 48 (New) The method of claim 40, including creating the set of example curves 
by welding a sample welded metal joint, determining the diffusivity rate of hydrogen 
evolving fi:om the sample welded metal joint by measuring the parameter in a sample time 
period after the sample is welded and plotting the measurements of the parameter as a 
function of time to obtain an actual response slope that represents the diffusivity rate, 
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deriving an equation that closely coirelates m shape and slope to the plot of the 
measurements of the parameter as a function of time, and developing the set of example 
curves from the equation for a plurality of different initial diffusion hydrogen concentrations 

as a function of time. 



Claim 49 (New) The method of claim 48, including deriving the equation from an error 
function. 
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